Comparative thinking is ubiquitous in human cognition and influences our well-being (Mussweiler, [2003](#CIT0038); Summerville & Roese, [2008](#CIT0049)). To make sense of the world around us and derive basic judgements about one's own mental or physical attributes, we frequently compare ourselves with one another (i.e. social comparative thinking), with our memorized past selves or imagined future selves (i.e. temporal comparative thinking) or with a mentally simulated alternative to reality (i.e. counterfactual comparative thinking).

In social comparative thinking, a target that represents a mental or physical attribute is compared to one or more social standards (i.e. attributes of other human beings, Festinger, [1954](#CIT0021)). For instance, I may compare my own physical appearance with the physical appearance of a friend of mine. Similarly, in temporal comparative thinking, a present self-description is compared with a previous or anticipated attribute of the self (Albert, [1977](#CIT0001)). For instance, I may compare my current physical strength with my physical strength 5 years ago. Finally, in counterfactual comparative thinking, an actual state of affairs is compared to a hypothetical status in a two-step process. Firstly, a counterfactual alternative to reality is created by mental simulation (Dunning & Madey, [1995](#CIT0014); Markman, Gavanski, Sherman, & McMullen, [1993](#CIT0034)). Secondly, the generated counterfactual alternative is compared to reality. For instance, I may think about my current job dissatisfaction and imagine how I would have a higher job satisfaction nowadays if only I had chosen a different career path. The standard in any comparative thought can either be inferior (i.e. *downward comparison)*, superior (i.e. *upward comparison*), or equal to the target (i.e. *lateral comparison*) and the evaluation of the target can then be either contrasted away from the standard (i.e. *contrast effect*) or pulled towards it (i.e. *assimilation effect*, Summerville & Roese, [2008](#CIT0049)). For instance, if the evaluation of my physical strength becomes more favourable after comparing myself to a worse-off friend, then I am experiencing a contrast effect (i.e. contrasting to a downward social comparison). If the evaluation of my physical strength, however, becomes more favourable after comparing myself to a stronger friend, then I am experiencing an assimilation effect (i.e. assimilating to an upward social comparison). Comparative thinking serves important psychological functions such as self-evaluation, self-enhancement, or future action planning (e.g. Albert, [1977](#CIT0001); Festinger, [1954](#CIT0021); Roese, Epstude, & Olson, [2017](#CIT0043); Wood, [1989](#CIT0055)). In light of their commonalities, Markman and McMullen ([2003](#CIT0035)) proposed an integrative framework for social, temporal and counterfactual comparative thinking, the *Reflection and Evaluation Model* (REM). The REM proposes two distinct modes of mental simulation termed reflection and evaluation. *Reflection* is described as an experiential ('as if') mode of thinking that occurs when the information about the standard is included in one's self-construal, fostering standard-consistent, highly accessible cognitions about the self and thereby yielding affective assimilation. Evaluation is described as an evaluative mode of thinking in which information about a standard serves as the reference point against which one's current self-construal is evaluated, thereby excluding information about the given standard from the self-construal and yielding affective contrast.

Moreover, it is known that multiple comparisons standards are simultaneously relevant for coping after adverse health events such as artery surgery (King, Clark, & Friedman, [1999](#CIT0032)) or in elderly's self-evaluations on health status (Suls, Marco, & Tobin, [1991](#CIT0048)). Psychological research on comparative thinking has focused mostly on social comparative thinking. Yet, all three kinds of comparative thinking have received little focus in the field of psychotraumatology.

Cognitive theories of post-traumatic stress disorder (PTSD) point towards impaired cognitive processes in the aetiology as well as maintenance of PTSD (Brewin, Dalgleish, & Joseph, [1996](#CIT0006); Ehlers & Clark, [2000](#CIT0018)). Olson, Buhrmann, and Roese ([2000](#CIT0039)) proposed three main triggers that may activate counterfactual thoughts: negative events, outcome closeness, and unexpectedness of the outcome. Traumatic experiences, as highly salient, negative, often unexpected situations, can be assumed to result in increased counterfactual comparative thinking. In line with this notion, Kahneman and Miller ([1986](#CIT0029)) norm theory suggests that counterfactual thoughts are more readily available in response to abnormal events as compared to normal events and that emotional reactions triggered by an event are amplified if counterfactual alternatives are salient (i.e. emotional amplification hypothesis).

Based on Festinger ([1954](#CIT0021)) social comparison theory and Albert ([1977](#CIT0001)) temporal comparison theory, the need for precise self-evaluation is especially high in individuals experiencing high uncertainty about the self (Butzer & Kuiper, [2006](#CIT0008); Gibbons & Buunk, [1999](#CIT0023)). Buunk and Gibbons ([2005](#CIT0009)) suggested that a *typical comparer* is characterized by high uncertainty about the self and negative affectivity. Since PTSD symptomatology is often associated with a shaken self-concept (Ehlers & Clark, [2000](#CIT0018); Keshet & Gilboa-Schechtman, [2017](#CIT0031)) and involves high levels of negative affectivity (American Psychiatric Association, [2013](#CIT0003)), individuals with PTSD can be expected to frequently engage in social and temporal comparative thinking. In sum, specific as well as overarching theories (e.g. REM) of social, temporal and counterfactual comparative thinking suggest that traumatic events, as salient negative experiences often leading to high levels of uncertainty about the self, may lead to frequent comparative thinking. The current article aims at (1) giving a comprehensive overview of the literature on the relationship between PTSD and social, temporal and counterfactual comparative thinking and (2) analysing the magnitude of association by means of a meta-analysis while taking study quality into account. To the best of our knowledge, this is the first systematic review and meta-analysis in this line of research.

1.. Method {#S0002}
==========

1.1.. Eligibility criteria {#S0002-S2001}
--------------------------

The aims and methods of the meta-analysis were registered with the PROSPERO database (<http://www.crd.york.ac.uk/prospero>). To be considered eligible, publications had to report (1) PTSD symptom severity among individuals exposed to potentially traumatic events or belonging to a high-risk group (e.g. firefighters) and (2) a quantitative association between PTSD symptom severity and at least one of the three comparative thinking types (i.e. social, temporal or counterfactual comparative thinking). Lastly, (3) sufficient data to compute effect sizes had to be reported or provided via email on request.

1.2.. Information sources and search strategy {#S0002-S2002}
---------------------------------------------

Following the PRISMA guidelines (Moher, Liberati, Tetzlaff, & Altman, [2009](#CIT0037)), we conducted the literature search in PsycInfo and Medline from inception to 14th of January 2019. The search was conducted in titles, abstracts and subject terms using the search terms outlined in [Figure 1](#F0001). Social comparative thinking has been studied in various disciplines and is widely accepted as a psychological construct (Buunk & Gibbons, [2005](#CIT0009)). Research on counterfactual and temporal comparative thinking, however, is more limited and concepts are less clearly defined (El Leithy, Browm, & Robbins, [2006](#CIT0072); Redersdorff & Guimond, [2005](#CIT0040)). To capture all relevant publications, a variety of key words were introduced for counterfactual or temporal comparative thinking. We included various constructs that revolve around counterfactual thinking (i.e. counterfactual thinking, thoughts of regret, wishful thinking and thoughts of undoing). While these constructs are labelled quite differently, they share the common denominator of assessing the frequency of counterfactuals revolving around past events rather than prospective events. Finally, we added *mental simulation* as this search term has been linked to all three types of comparative thinking (Markman & McMullen, [2003](#CIT0035)). All included search terms can be found in [Figure 1](#F0001). 10.1080/20008198.2020.1737453-F0001Figure 1.Included search terms for the systematic literature search.

1.3.. Study selection {#S0002-S2003}
---------------------

Titles and abstracts of all hits were screened by one author (IHF) based on the abovementioned eligibility criteria. Potentially eligible studies were discussed among all three authors in regular meetings. Full texts of potentially eligible reports were examined thoroughly and independently by two authors (THH & IHF). To extract potential further eligible publications, reference sections of all eligible publications as well as related meta-analyses (i.e. Broomhall, Phillips, Hine, & Loi, [2017](#CIT0007); Gerber, Wheeler, & Suls, [2018](#CIT0022)) and systematic reviews (i.e. Byrne, [2016](#CIT0010); Epstude & Roese, [2008](#CIT0020); Kahneman & Miller, [1986](#CIT0029); Kangas, Henry, & Bryant, [2002](#CIT0030); Markman & McMullen, [2003](#CIT0035); Mussweiler, [2003](#CIT0038); Roese et al., [2017](#CIT0043); Taylor & Lobel, [1989](#CIT0051)) were screened independently by two authors (THH & IHF). A thorough description of the article synthesis is reported in the results section. Regular meetings were held by all three authors to discuss disagreements and remaining uncertainties.

### 1.3.1.. Data collection process {#S0002-S2003-S3001}

Descriptive information as well as all relevant data of each eligible study was noted down in a coding protocol that we developed for the purposes of the present article. If relevant data were not available in the article, the corresponding author of the respective study was contacted via email. A follow-up email was sent 1 month later in case no response was received by then.

### 1.3.2.. Risk of bias in individual studies {#S0002-S2003-S3002}

To assess the risk of bias for individual studies, study quality was independently assessed by THH and IHF with a 5-item scale developed for the present purposes (see [Table A1](#T0003) in the Appendix). Due to the narrow focus of our systematic review and meta-analysis, we created quality criteria ourselves rather than relying on standardized available options. This decision will be critically scrutinized in the discussion section. Studies could obtain the highest quality scores when (a) the majority of the included sample (i.e. \>80%) had a valid diagnosis of PTSD, (b) PTSD diagnosis was assessed with a structured psychiatric interview based on DSM or ICD criteria, (c) PTSD symptom severity was assessed with a validated instrument, (d) the comparative thinking measure was assessed with a validated instrument, and (e) the comparative thinking measure took directions of comparison (i.e. upward and downward) into account. We set the lowest possible quality score for each item at 0 and the highest score at 2, yielding a possible range from 0 to 10 for the study quality sum score. Interrater reliability was excellent, *ICC*(3,k) = .85 (Ciccetti, [1994](#CIT0011); Shrout & Fleiss, [1979](#CIT0047)). Remaining disagreements were resolved through discussion among all three authors until full agreement was reached.

### 1.3.3.. Summary measures {#S0002-S2003-S3003}

The chosen summary measure for the meta-analysis was based on the search results. We planned to analyse all quantitative association between social, temporal and/or counterfactual comparative thinking and PTSD symptomatology with a sufficient amount of studies warranting meta-analytic review. However, the only quantitative association with a sufficient amount of studies was the Pearsons' correlation between counterfactual comparative thinking frequency (i.e. various constructs as explained below) and PTSD symptom severity.

### 1.3.4.. Main analysis {#S0002-S2003-S3004}

Random-effects meta-analyses were conducted using the metafor package in R (Viechtbauer, [2010](#CIT0053)). One study reported separate correlations between the Counterfactual Thinking subscale of the Ruminative Thought Style Questionnaire (CFT-RTSQ) and each of the four subscales of the PTSD Symptom Scale (PSS; Claycomb, Wang, Sharp, Ractliffe, & Elhai, [2015](#CIT0065)). For this study, we conducted a prior fixed-effects meta-analysis in an effort to yield an overall correlation between CFT-RTSQ and PSS, which was used in the main analysis (see [Table A2](#T0004) in the Appendix).

### 1.3.5.. Risk of bias across studies {#S0002-S2003-S3005}

Due to the inclusion of various overlapping counterfactual comparative thinking constructs as well as various levels of trauma-exposure and PTSD levels in the included samples we expected substantial heterogeneity between studies and used restricted maximum likelihood (REML) to estimate heterogeneity (Viechtbauer, [2005](#CIT0052)). To test for publication bias, funnel plots were inspected visually and Egger's test was conducted to test for asymmetry (Egger, Smith, Schneider, & Minder, [1997](#CIT0017)). If the visual inspection of the funnel plots and Egger's test indicated publication bias, the trim and fill method was used to investigate whether publication bias may have had an impact on the meta-analytic estimate (Duval & Tweedie, [2000a](#CIT0015), [2000b](#CIT0016)). In absence of normally distributed effect sizes, the trim-and-fill algorithm adds 'missing' effects and computes a new meta-analysis in absence of publication bias.

### 1.3.6.. Additional analyses {#S0002-S2003-S3006}

Questionnaires assessing counterfactual thinking (CFT) differed with respect to whether items referred specifically to traumatic events or assessed the tendency to engage in CFT in general. We will refer to the first category of studies as *CFT specific* and to the latter as *CFT general*. To test whether correlations between different CFT-constructs (i.e. CFT specific vs. CFT general vs. thoughts of regret vs. thoughts of undoing vs. 'what if'-thoughts vs. wishful thinking) and PTSD symptom severity differed in magnitude, a subgroup analysis was conducted. Also, a subgroup analysis was performed to analyse whether the use of validated vs. unvalidated measures of counterfactual comparative thinking was associated with differences in reported effect sizes. Moreover, study quality was analysed in a meta-regression to assess whether differences in methodological quality were associated with different magnitudes of association. Lastly, an additional analysis without two outlier-studies was conducted.

2.. Results {#S0003}
===========

2.1.. Study selection {#S0003-S2001}
---------------------

The literature search yielded 533 hits. Through screening of reference sections, we identified an additional six potentially eligible studies. We carefully screened titles and abstracts and identified 57 publications for full-text assessment. Of those, eight publications were excluded because they failed to meet eligibility criteria (i.e. irrelevant topic). Contractor, Weiss, Dranger, Ruggero, and Armour ([2017](#CIT0013)) and Erwin et al. ([2018](#CIT0073)) reported data from the same study and we used the data reported in Erwin et al. We were not able to review full texts of seven PhD dissertations and two articles in Polish journals (Bokszczanin, [2003](#CIT0004); Bokszczanin & Kaniasty, [2002](#CIT0005)) as we were not able to retrieve the respective full texts. Another five journal articles failed to report the required data. We reached to all corresponding authors and we received required data from Patanwala et al. ([2017](#CIT0085)) and Roley et al. ([2015](#CIT0087)). The remaining three publications (Ellens et al., [2017](#CIT0019); Korenromp, Page-Christiaens, van den Bout, Mulder, & Visser, [2009](#CIT0033); Rouhani et al., [2016](#CIT0046)) could not be included due to missing replies. As such, a total of 36 eligible publications were included in the narrative review and 24 samples from 21 publications in the meta-analysis (see [Figure 2](#F0002)). 10.1080/20008198.2020.1737453-F0002Figure 2.PRISMA flow chart depicting study synthesis.

2.2.. Study characteristics {#S0003-S2002}
---------------------------

An overview of study characteristics and main findings is provided in [Table 1](#T0001). Publications on social (*k* = 5) or temporal comparative thinking (*k* = 2) were too heterogenous and too few to warrant a meta-analytic review. However, a substantial amount of publications dealt with counterfactual comparative thinking (*k* = 31) warranting a meta-analysis on this issue. Two publications assessed more than one kind of comparative thinking (i.e. Boals & Schuettler, [2011](#CIT0062); Brown et al., [2011](#CIT0064)). 10.1080/20008198.2020.1737453-T0001Table 1.Characteristics and main findings of included publications.Author(s)*N*PTSD measureComparative thinking measureSample typeAge (*M, SD*)Sex (% female)PTSD diagnosis\
(% of whole sample)Study designMain findings**Counterfactual comparative thinkingCounterfactual thinking (CFT)**Bârliba and Dafinoiu ([2015](#CIT0057))300MCMI--IIICTNESClinical (mixed)42.7 (12.7)57.3N.A.Cross-sectionalIn a multiple regression analysis PTSD diagnosis was a significant predictor for downward CFT scores on the CTNES, but not for upward CFT.Bhushan and Kumar ([2012](#CIT0058))20IESThought listing taskHigh-risk group (i.e. tsunami relief volunteers)31.6 (6.4)100N.A.Cross-sectional60% of participants reported an upward CFT first in a thought listing task, while 40% reported a downward CFT first. CFT frequency and PCL-5 scores were significantly related.Blix et al. ([2016](#CIT0060)), directly exposed sample50PCL-5Thought listing task (direction), 2 items from CTNES (frequency)Traumatized sample (i.e. directly exposed to Oslo Bombing 2011)50.8 (9.6)76N.A.Cross-sectionalThe vast majority of traumatized participants reported a downward CFT first in a CFT listing task (i.e. 90%). Higher frequency of both upward and downward CFT was associated with higher PCL-5 scores.Blix et al. ([2016](#CIT0060)), indirectly exposed sample50PCL-52 items from CTNES (frequency),\
self-constructed scale for intrusiveness ratings of CFT (intrusiveness)Traumatized sample (i.e. indirectly exposed to Oslo Bombing 2011)52.9 (10.9)76N.A.Cross-SectionalFrequency of downward CFT is higher compared to frequency of upward CFT. Intrusiveness of CFT is highly correlated with PCL-5 scores.Blix, Kanten, Birkeland, and Thoresen ([2018](#CIT0061))185PCL-5Self-constructed scale for CFT (frequency), thought listing task for vividness ratings of CFT (vividness)Traumatized sample (i.e. exposed to fire on a ferry)55.4 (14.5)50.817.3Cross-sectionalHigher frequencies of both upward and downward CFT were associated with higher PCL-5 scores. Higher scores of vividness of CFT were associated with higher PCL-5 scores.Claycomb et al. ([2015](#CIT0065))304PSSRTSQ-CFT subscaleTraumatized sample (mixed)42.6 (11.7)64.138.2Cross-sectionalRTSQ-CFT scores were positively associated with scores on all subscales of the PSS (i.e. re-experiencing, dysphoria, avoidance, hyperarousal).Dalgleish ([2004](#CIT0067)), study 137IESThought listing taskTraumatized sample (mixed)47.8 (12.2)59.5N.A.Cross-sectionalThe high-IES-score group did not differ from the low-IES-score group with respect to the direction or reference of the first mentioned CFT.Dalgleish ([2004](#CIT0067)), study 236IESThought listing taskTraumatized sample (mixed)39.5 (16.0)41.747.2Cross-sectionalPTSD group did not differ from non-PTSD group with respect to CFT direction or reference.El Leithy et al. ([2006](#CIT0072))46IES-RThought listing task with frequency ratingTraumatized sample (i.e. physical assault)N.A.19.637.0Cross-sectionalFrequency of CFT was positively associated with PTSD scores. Fluency/availability of CFT was not associated with IES-R score.Erwin et al. ([2018](#CIT0073))119PCL-5RTSQ-CFT subscaleTraumatized sample (mixed)35.7 (11.8)68.132.8Cross-sectionalRTSQ-CFT scores were positively associated with PCL-5 scores.Gilbar, Plivazky, and Gil ([2010](#CIT0075))176PSS-SRSelf-constructed measureTraumatized sample (i.e. victims of terrorist attacks)46.3 (13.7)49.454.6Cross-sectionalPTSD diagnosis was correlated with higher frequency of upward and downward CFT.Kelley et al. ([2019](#CIT0077))283PCL-5RTSQ-CFT subscaleHigh-risk group (i.e. military personnel)36.67.1N.A.Cross-sectionalRTSQ-CFT scores were positively associated with PCL-5 scores.Miller, Handley, Markman, and Miller ([2010](#CIT0081))149IES-RNumber of counterfactual-preventability cognitionsTraumatized sample (sexual assault)N.A.100N.A.Cross-sectionalNumber of counterfactual-preventability statements in interview were not correlated with IES-R scores.Mitchell, Contractor, Dranger, and Shea ([2016](#CIT0082))51PCL-5RTSQ-CFT subscaleTraumatized sample (mixed)34.7 (11.8)72.539.0Cross-sectionalRTSQ-CFT scores were positively correlated with PCL-5 scores.Roley et al. ([2015](#CIT0087))45PCL-5RTSQ-CFT subscaleTraumatized sample (mixed)34.1 (11.5)76.053.0Cross-sectionalRTSQ-CFT scores were positively correlated with PCL-5 scores.**Wishful thinking**Brauchle ([2005](#CIT0063))74PDSCSQ-wishful thinking subscaleHigh-risk group (i.e. police officers)39.2 (9.5)6.88.1Cross-sectional and longitudinalWishful thinking scores at t0 were positively correlated with PDS scores at t0 as well as t1.Clohessy and Ehlers ([1999](#CIT0066))56PSSCSQ-wishful thinking subscaleHigh-risk group (i.e. ambulance service workers)35.0 (8.7)23.021.0Cross-sectionalWishful thinking scores were positively correlated with PSS scores.Dirkzwager, Bramsen, and van der Ploeg ([2003](#CIT0068))^a^291SRIPWCQ-Wishful thinking subscaleHigh-risk group (i.e. peacekeeping mission)N.A.N.A.N.A.Cross-sectional and longitudinalWishful thinking scores at t0 were positively correlated with SRIP scores at t0 and t1.Dirkzwager et al. ([2003](#CIT0068))^b^471SRIPWCQ-Wishful thinking subscaleHigh-risk group (i.e. peacekeeping mission)N.A.N.A.N.A.Cross-sectional and longitudinalWishful thinking scores at t0 were positively correlated with SRIP scores at t0 and t1.Dougall et al. ([2001](#CIT0069))81SCIDWCQ-Wishful thinking subscaleTraumatized sample (i.e. survivors of motor vehicle accidents)35.0 (13.0)46.161.0LongitudinalWishful thinking at t0 was positively correlated with PTSD diagnosis at t1 and t2.Fairbank, Hansen, and Fitterling ([1991](#CIT0074))30MMPIWOC-R-Wishful thinking subscaleMixed sample (i.e. war prisoners with and without PTSD, healthy control group)64.4 (4.4)0.033.3Cross-sectionalWar prisoners with PTSD engaged in wishful thinking more frequently than war prisoners without PTSD and a healthy control group.Lee, Park, and Sim ([2018](#CIT0078))212IES-RWCCL-Wishful thinking subscaleHigh-risk group (i.e. firefighters)41.4 (8.3)5.7N.A.Cross-sectionalWishful thinking in firefighters was not significantly correlated with IES-R scores.Marsac, Donlon, Winston, and Kassam-Adams ([2011](#CIT0079))71CPSSKidCope-Wishful thinking subscaleTraumatized sample (i.e. physical injury)12.1 (2.7)30.0N.A.Cross-sectionalThree months post-injury, all children with PTSD symptoms and most children without PTSD symptoms (i.e. 98%) reported to use wishful thinking. Wishful thinking was a common coping strategy in children after physical injury.Pole, Best, Metzler, and Marmar ([2005](#CIT0086))666MS-CVWCCL-Wishful thinking subscaleHigh-risk group (i.e. police officers)37.2 (6.8)21.0N.A.Cross-sectionalWishful thinking was positively associated with MS-CV scores.Tsay, Halstead, and McCrone ([2001](#CIT0090))152IESWCS-Wishful thinking subscaleTraumatized sample (i.e. hospitalized for\
5--7 days after traumatic injury)34.7 (11.8)31.6N.A.Cross-sectionalWishful thinking and avoidance coping significantly predicted IES scores.Valentiner, Foa, Riggs, and Gershuny ([1996](#CIT0091))133PSSWOC-Abbr.-Wishful thinking subscaleTraumatized sample (i.e. victims of physical/sexual assault)30.4 (9.6)10035.0Cross-sectionalWishful thinking was positively correlated with PSS scores.Ye, Chen, and Lin ([2018](#CIT0092))140IESWCS-Wishful thinking subscaleTraumatized sample (i.e. HIV--infection)26.6 (3.3)0.0N.A.Cross-sectionalWishful thinking was positively correlated with IES scores.**Thoughts of undoing**Dunmore, Clark, and Ehlers ([1999](#CIT0070))88PSS-SRSelf-constructed scaleTraumatized sample (i.e. victims of physical/sexual assault)39.2 (15.9)47.869.6Cross-sectionalThe PTSD group engaged in undoing-thoughts significantly more often than the non-PTSD group.Dunmore, Clark, and Ehlers ([2001](#CIT0071))57PSS-SRSelf-constructed scaleTraumatized sample (i.e. victims of physical/sexual assault)35.4 (12.8)54.0N.A.Cross-sectional and LongitudinalUndoing-thoughts (t0) were positively correlated with PSS-SR scores at t0 and t1 (i.e. 6-month follow-up), but not at t2 (i.e. 9-month follow-up).**Thoughts of regret**Boals and Schuettler ([2011](#CIT0062))929PCL-5CPOTS (regrets, downward comparison)63% of undergraduate sample traumatized (i.e. mixed traumas)20.1 (3.6)64.9N.A.Cross-sectionalRegret was significantly correlated with PCL-5 scores.Mizota, Ozawa, Yamazaki, and Inoue ([2006](#CIT0083))282IES-RSense of guilt and regret (items derived from qualitative interviews)Traumatized sample (i.e. bereaved)58.2 (12.0)64.059.4Cross-sectionalSense of guilt and regret were positively correlated with IES-R scores.Patanwala et al. ([2017](#CIT0085))283PC-PTSDRegretMixed sample (i.e. homeless population)\> 50 years24.4N.A.Cross-sectionalRegret was positively associated with PC-PTSD scores.**'What if'-- thoughts**Michael, Halligan, Clark, and Ehlers ([2007](#CIT0080)), study 281PDSRumination InterviewTraumatized sample (i.e. victims of physical/sexual assault)32.3 (11.9)39.540Cross-sectional'Why'- and 'what-if'-thoughts were positively correlated with PDS scores.Michael et al. ([2007](#CIT0080)), study 173PDSRumination InterviewTraumatized sample (i.e. victims of physical/sexual assault)40.4 (14.8)45.237Cross-sectional and longitudinal'Why'- and 'what-if'-thoughts were positively correlated with PDS scores at t0 and t1.Birrer and Michael ([2011](#CIT0059))65PDSRumination InterviewMixed clinical sample (i.e. PTSD group, Depression + trauma group, Depression -- trauma group)44.8 (13.6)N.A.40.0Cross-sectionalNo significant association between why" and 'what-if'-thoughts and PDS scores was found.**Social comparative thinking**Boals and Schuettler ([2011](#CIT0062))929PCL-5CPOTS-downward comparison subscale63% of undergraduate sample traumatized (i.e. mixed traumas)20.1 (3.6)64.9N.A.Cross-sectionalDownward comparisons were not correlated with PCL-5 scores.Brown, Buckner, and Hirst ([2011](#CIT0064))30CAPSModified temporal appraisal measure (with the instruction to rate others)Traumatized sample (i.e. combat exposure)30.5 (4.6)0.050.0Cross-sectionalVeterans with PTSD rated others as functioning better in comparison to themselves while veterans without PTSD rated others as functioning worse in comparison to themselves.Hooberman, Rosenfeld, Rasmussen, and Keller ([2010](#CIT0076))75HTQSESTraumatized sample (mixed)33.0 (8.5)41.340.0Cross-sectionalDownward social comparative thinking was positively associated with HTQ scores whereas upward social comparative thinking was not.Morris et al. ([2012](#CIT0084))51IES-RIdentification-Contrast ScaleTraumatized sample (i.e. breast cancer survivors)49.8 (7.0)1007.8Cross-sectionalNo significant correlations between upward contrast, downward/upward identification and IES-R scores were found.Troop and Hiskey ([2013](#CIT0089))271PDSSCRSTraumatized sample (mixed)31.5 (11.4)75.367.0Cross-sectionalThe PTSD group rated themselves less favourable in relation to others compared to the non-PTSD group.**Temporal comparative thinking**Roth, Steffens, Morina, and Stangier ([2011](#CIT0088))58SCIDIAT (present-self/prior self -- positive/negative)Traumatized sample (mixed)39.8 (12.2)63.831.0Cross-sectionalIAT effect (difference between prior self/positive vs. present self/positive) was smaller in PTSD group compared to past PTSD and non-PTSD group. PTSD group reacted slower in both conditions compared to non-PTSD group.Brown et al. ([2011](#CIT0064))30CAPSModified temporal appraisal measureTraumatized sample (i.e. combat exposure)30.5 (4.6)0.050.0Cross-sectionalVeterans with PTSD rated their past selves more favourably than their current and future selves whilst veterans without PTSD rated their past selves less favourable than their present and future selves.[^1]

### 2.2.1.. Risk of bias within studies {#S0003-S2002-S3001}

Overall study quality was moderate, with an unweighted mean quality score of 4.08 (i.e. out of 10) across studies and a range from 2 to 7. The vast majority of eligible publication (*k* = 32) either reported on studies in samples with less than 50% of participants meeting diagnostic criteria for PTSD or did not report diagnostic rates altogether. Moreover, most publications (*k* = 21) reported that PTSD diagnosis was assessed with a self-report instrument. While only few (*k* = 5) relied on a psychiatric interview. In line with the inclusion criteria, all publications reported the assessment of PTSD symptom severity with a validated instrument. The majority of publications (*k* = 22) reported that comparative thinking was assessed with a validated instrument. The remaining 14 did not use a validated instrument to assess comparative thinking (e.g. self-construed items). Finally, the majority of studies included ambiguous comparative thinking measures (i.e. not clearly differentiating comparison directions). Data for both upward and downward direction were reported in 11 publications only. Quality ratings can be found in [Table A3](#T0005) in the Appendix.

### 2.2.2.. Results of individual studies on counterfactual comparative thinking {#S0003-S2002-S3002}

The majority of publications identified through literature search dealt with counterfactual comparative thinking. However, studies varied widely in their operationalization of counterfactual comparative thinking. Most research used the term *counterfactual thinking* (CFT). Hence, we will use this term as an umbrella-term for the various terms that have been used to describe counterfactual comparative thinking constructs. A commonly chosen method was to ask participants how frequently they experienced or engaged in CFT. All but one study (Lee et al., [2018](#CIT0078)) found a positive relationship between frequency of CFT and PTSD symptomatology/diagnosis (more details in the meta-analytic results below).

Several studies assessed the direction of the first or most predominant CFT that came to mind using a thought listing task (Bhushan & Kumar, [2012](#CIT0058); Blix et al., [2016](#CIT0060); Dalgleish, [2004](#CIT0067)). In a study with 20 tsunami relief volunteers, 60% of respondents reported upward CFT first whereas the remaining 40% reported downward CFT first (Bhushan & Kumar, [2012](#CIT0058)). However, no data on the relationship between direction of CFT and number of PTSD symptoms. In contrast, Blix et al. ([2016](#CIT0060)) found a predominance of downward CFT in a study with survivors of a terror attack. In their study, 90% of both directly and indirectly exposed individuals reported a downward counterfactual first whilst the remaining 10% reported an upward counterfactual first. Again, no data on the relationship between direction of CFT and PTSD symptomatology was reported. Dalgleish ([2004](#CIT0067)) additionally coded the CFT for reference (i.e. self- vs. non-self-referent CFT) and found that trauma survivors predominantly reported self-referent CFT (79%), upward CFT (87%) and self-referent upward CFT (68%). Furthermore, they found that CFT pattern was independent of level of PTSD symptomatology/PTSD diagnosis. Blix et al. ([2016](#CIT0060)) also assessed intrusiveness of CFT and reported that intrusiveness of counterfactuals significantly predicted PTSD symptoms. Similarly, Blix et al. ([2018](#CIT0061)) found that vividness of CFT served as a predictor of levels of PTSD symptoms. In another study, Miller et al. ([2010](#CIT0081)) asked sexually assaulted women to describe the sexual assault and the impact it had on their lives and afterwards coded the number of counterfactual-preventability cognitions mentioned by the interviewees. However, the correlation between counterfactual-preventability cognitions and PTSD symptoms did not reach significance.

El Leithy et al. ([2006](#CIT0072)) assessed CFT frequency with a thought listing task, as well as counterfactual fluency, defined as the availability of counterfactual thoughts. Participants were asked to report all counterfactual thoughts they had had about the trauma within a 60 s-time frame. Controlling for individual differences in verbal fluency, the authors found no significant relationship between general counterfactual fluency and posttraumatic symptoms nor between upward or downward counterfactual fluency and posttraumatic symptoms. Counterfactuals listed in the fluency task were also coded for reference (i.e. self-referent vs. other-referent), but again no significant relationship was found.

### 2.2.3.. Social comparative thinking {#S0003-S2002-S3003}

Five studies addressed the relationship between PTSD symptomatology and social comparative thinking. Each study utilized a different approach towards measuring social comparative thinking precluding a meta-analytic summary of results. In their study with trauma-exposed refugees, Hooberman et al. ([2010](#CIT0076)) utilized a Self-Evaluation Scale (SES) that was originally developed to assess social comparative thinking in chronically ill patients (Wilson, Gil, & Raezer, [1997](#CIT0054)). The SES assesses social comparative thinking as an active coping strategy with items such as 'When experiencing (...) pain, I remind myself that there are people who are worse off than I am'. The authors found a significant positive correlation between downward comparative thinking items and PTSD symptom severity (*r* = 0.29), whilst upward social comparative thinking items were not significantly associated with PTSD symptom severity.

Morris et al. ([2012](#CIT0084)) surveyed breast cancer survivors with the Identification-Contrast Scale before and after taking part in a peer support program. The Identification-Contrast Scale consists of four subscales: upward identification, upward contrast, downward identification, and downward contrast. Items tap into affective consequences of social comparative thinking (e.g. downward identification: 'When I see others who are doing worse, I fear that my future will be similar'). The authors hypothesized that cancer survivors would mainly identify with survivors who are doing better (i.e. upward identification) and contrast themselves against those who are doing worse (i.e. downward contrast). They found that pre-ride upward identification was significantly negatively correlated with post-ride distress, providing some support for a beneficial coping effect of upward social comparative thinking leading to identification.

Brown et al. ([2011](#CIT0064)) and Troop et al. ([2013](#CIT0089)) utilized social comparative thinking measures that do not distinguish between upward and downward comparison. Rather, participants were asked to evaluate themselves in comparison to others on different personality dimensions. Brown et al. ([2011](#CIT0064)) asked a sample of combat-veterans to rate themselves as well as other veterans on 10 different dimensions on a 10-point scale (e.g. socially skilled, self-confident). They found that combat-veterans with PTSD rated others more favourably than themselves while combat-veterans without PTSD rated others less favourably than themselves. The authors also included a temporal-social comparative thinking (i.e. future selves). The same pattern emerged for self- and other-ratings referring to the future.

Troop et al. ([2013](#CIT0089)) used the Social Comparison Rating Scale (Allan & Gilbert, [1995](#CIT0002)) in which participants are asked to rate themselves in comparison to others on 11 items consisting of two contrary adjectives at either end of a 10-point scale (e.g. different-same, weaker-stronger). They found that traumatized participants with PTSD rated themselves significantly lower on the SCRS than the traumatized group without PTSD.

Boals and Schuettler ([2011](#CIT0062)) applied the Cognitive Processing of Trauma Scale (CPOTS). The subscale *downward comparison* consists of three items: 1. 'Other people have had worse experiences than mine.'; 2. 'Even though my experience was difficult, I can think of ways that it could have been worse.'; 3. 'My situation is not so bad compared to other people's situation', with items 1 and 3 involving social comparative thinking. For this reason, we decided to report results related to the subscale downward comparison in this section. In a sample of undergraduate students, with 63% reporting at least one traumatic life experience (i.e. diverse trauma types), downward comparison was not significantly correlated with PTSD symptom score.

### 2.2.4.. Temporal comparative thinking {#S0003-S2002-S3004}

Two studies dealt with aspects of temporal comparative thinking in PTSD. Brown et al. ([2011](#CIT0064)) asked veterans to rate themselves on the temporal self-appraisal measure described above over three different time points: 'now and very recently' (i.e. current), 'way back before your military service' (i.e. past), and 'far into the future' (i.e. future). They found that veterans with PTSD rated their past selves more positive in comparison to their current and their future selves. In contrast, veterans without PTSD rated their future selves more positive than their current selves and their current selves more positive than their past selves. The study by Roth et al. ([2011](#CIT0088)) was the only study included in this review applying an experimental design. The authors conducted an Implicit Association Test (IAT; Greenwald & Farnham, [2000](#CIT0024)) using stimuli representing the self (i.e. present- vs. past-self) and stimulus attributes (i.e. positive vs. negative). The authors found that participants without PTSD reacted faster both in the present-self-positive and the past-self-positive condition compared to participants with PTSD. Additionally, the PTSD group demonstrated a significantly smaller difference between the two IAT conditions than the non-PTSD group which was interpreted by the authors as a maladaptive missing increase in implicit self-esteem over time in individuals with PTSD.

### 2.2.5.. Main analysis {#S0003-S2002-S3005}

The only construct with enough studies reporting the same kind of quantitative association with PTSD was frequency of CFT (see [Table 2](#T0002)). In total, the relationship between PTSD symptomatology and CFT frequency was reported in 24 independent samples from 21 publications (see the corresponding forest plot in [Figure 3](#F0003)). The overall effect size was *r* = .46, *p* \<.001, 95% CI \[.40; .52\], indicating a medium to large correlation between PTSD symptomatology and CFT frequency (Cohen, [1988](#CIT0012)). 10.1080/20008198.2020.1737453-F0003Figure 3.Forest plot depicting correlations between PTSD severity and various types of CFT.10.1080/20008198.2020.1737453-T0002Table 2.Results from the subgroup analysis on various CFT-constructs.CFT construct*krSE*95% CICFT specific4.60\*.01\[.47; .71\]CFT general5.42\*.08\[.28; .54\]Thoughts of regret3.37\*.09\[.20; .52\]Thoughts of undoing2.43\*.14\[.19; .63\]'What if'- thoughts2.52\*.14\[.30; .69\]Wishful thinking8.46\*.06\[.36; .55\][^2]

2.3.. Risk of bias across studies {#S0003-S2003}
---------------------------------

Heterogeneity was high, ${\widehat{\tau}}^{2}$ = 0.03, *SE* = .001, 95% *CI* \[0.01; 0.06\]; *I*^2^ = 81.23%; *Q*(23) = 126.70, *p* \< .001, supporting the use of random effects modelling (Higgins, Thompson, Deeks, & Altman, [2003](#CIT0026)).

### 2.3.1.. Additional analyses {#S0003-S2003-S3001}

The mentioned four additional analyses were conducted. All CFT-constructs were significantly associated with PTSD symptom severity and effect sizes overlapped considerable (see [Table 2](#T0002)). Accordingly, the subgroup analysis by CFT-construct yielded a non-significant result, *Q*~M~(5) = 6.20, *p* =.287. Studies assessing CFT trauma-specifically yielded the largest association with PTSD symptomatology, whereas the correlation between thoughts of regret and PTSD symptomatology was the smallest.

To analyse whether the use of validated vs. unvalidated measures of counterfactual comparative thinking was associated with differences in reported effect sizes, we performed another subgroup analysis. This was found to be non-significant indicating that reported effect sized did not differ significantly when studies with validated vs. unvalidated measures of counterfactual comparative thinking were compared, *Q*~M~(1) = 3.34, *p* =.07. To analyse whether overall study quality had an influence on reported effect sizes, study quality was analysed as a potential moderator in a meta-regression. The corresponding scatter plot can be found in [Figure 4](#F0004). The omnibus test was significant, *Q*~M~(1) = 5.66, *p* \<.05, indicating that reported effect sizes differed across the range of study quality with higher quality scores being associated with higher magnitudes of effect. Study quality explained 24.90% of total heterogeneity. Residual heterogeneity remained significant, *Q*~M~(22) = 78.15, *p* \<.001. 10.1080/20008198.2020.1737453-F0004Figure 4.Scatter plot depicting the association between study quality and effect sizes.

Lastly, we conducted another meta-analysis excluding two studies that presented statistical outliers (i.e. Kelley et al., 2018; Lee et al., [2018](#CIT0078)). Outliers were defined as reporting effect sizes deviating \>3.3 SD from the mean (Hunter & Schmidt, [2004](#CIT0028); Tabachnik & Fidell, [2013](#CIT0050)). When outlier studies were excluded, random effect overall effect size increased to *r* = .53, *p* \<.001, 95% CI \[.47; .59\], indicating a large-sized correlation between PTSD symptomatology and CFT frequency. Heterogeneity remained high, $\widehat{\tau}2$ = 0.01, *SE* = .00, 95% CI \[0.00; 0.03\]; *I*2 = 68.43%; *Q*(21) = 71.34, *p* \< .001, supporting the use of random effects modelling.

3.. Discussion {#S0004}
==============

Our systematic review demonstrates that there is a slim but promising and emerging research base on the role of social and temporal comparative thinking in PTSD. Since only five and two publications on social and temporal comparative thinking were found, respectively, we were not able to conduct a quantitative review. The scarcity of research on the relationship between PTSD and both social and temporal comparison is surprising in the light of the outlined theoretical notions and older empirical accounts indicating the relevance of such comparisons in the wake of threat and stress (e.g. Taylor & Lobel, [1989](#CIT0051)). However, the slim existing evidence base is in line with prominent models of comparative thinking such as the REM by indicating that PTSD is associated with distortions in all three comparison types. In terms of counterfactual comparative thinking, we were able to synthesize data from 24 samples in 21 publications on the correlational between PTSD symptom severity and frequency of counterfactual comparative thinking.

3.1.. Social comparative thinking {#S0004-S2001}
---------------------------------

The five publications on social comparison used heterogeneous instruments precluding a meta-analysis. Hooberman et al. [2010](#CIT0076)) demonstrated that downward comparisons were positively correlated with PTSD symptoms in a sample of torture survivors. Brown et al. ([2011](#CIT0064)) found that veterans with PTSD rated themselves less favourable than other veterans at present and in the future whereas veterans without PTSD rated themselves more favourable than other veterans at present and in the future. Troop and Hiskey ([2013](#CIT0089)) reported that patients with PTSD rated themselves lower in comparison to others than traumatized individuals without PTSD. Only Morris et al. ([2012](#CIT0084)) found no significant associations between any social comparison measure and PTSD symptomatology in women diagnosed with breast cancer. It remains speculative whether the trauma of receiving a breast cancer diagnosis may impact social cognition differently than do other types of trauma. Moreover, the utilized social comparison measure may be criticized. Wood ([1996](#CIT0056)) argued that social comparisons should not be measured in combination with their affective consequences. The Identification-Contrast Scale used by Morris et al. ([2012](#CIT0084)), however, taps into both (e.g. 'When I see others who are doing worse, I fear that my future will be similar'). Overall, the slim available evidence base on social comparison in PTSD indicates that individuals with greater PTSD symptom severity seem to engage more frequently in social comparisons.

3.2.. Temporal comparative thinking {#S0004-S2002}
-----------------------------------

The findings from Brown et al. ([2011](#CIT0064)) are in line with temporal self-appraisal theory, in which Ross and Wilson ([2000](#CIT0045)) suggested that people actively construct temporal comparison standards that serve self-enhancement motives (see also McFarland & Alvaro, [2000](#CIT0036)). The authors demonstrated that veterans without PTSD showed the predicted perception of self-improvement over time (i.e. ratings increased from past over current to future selves) whereas veterans with PTSD showed a differential pattern by rating their past selves the most positive and indicating no improvement from present to future. Similarly, Roth et al. ([2011](#CIT0088)) conclude that their IAT-results are in line with cognitive models, which highlight that negative self-appraisals in the aftermath of trauma predict the development and maintenance of PTSD. These two publications provide preliminary evidence that PTSD symptomatology might be associated with distorted patterns of temporal self-appraisal. The reported findings are also in line with other results indicating that traumatized individuals show high levels of temporal disintegration (Holman & Silver, [1998](#CIT0027)).

3.3.. Counterfactual comparative thinking {#S0004-S2003}
-----------------------------------------

### 3.3.1.. Frequency of CFT {#S0004-S2003-S3001}

The available literature suggests a medium to large correlation between PTSD symptomatology and CFT frequency. While used constructs varied considerably, it appeared that the more specific the CFT measure was tailored to traumatic experiences and the higher the quality of the study, the higher the reported correlation between PTSD symptom severity and CFT frequency. Findings on the CFT-PTSD link complement the meta-analysis conducted by Broomhall et al. ([2017](#CIT0007)) on the link between CFT and depression, supporting the idea that an excess of CFT seems to be associated with psychopathology.

### 3.3.2.. Direction of CFT {#S0004-S2003-S3002}

Several authors have suggested that people should be more likely to engage in upward CFT as opposed to downward CFT after experiencing negative events (Haynes et al., [2007](#CIT0025); Kahneman & Miller, [1986](#CIT0029); Roese, [1994](#CIT0041), [1997](#CIT0042); Roese & Olson, [1997](#CIT0044)). Most publications investigating this hypothesis reported results confirming the hypothesis with two publications indicating that upward CFT after trauma seems to be more easily accessible than downward CFT (Bhushan & Kumar, [2012](#CIT0058); Dalgleish, [2004](#CIT0067)) and several publication indicating higher frequencies of upward CFT compared to downward CFT (e.g. Blix et al., [2018](#CIT0061)). However, one publication indicated the opposite pattern with slightly less frequent and less easily accessible upward CFT when compared to downward CFT (Blix et al., [2016](#CIT0060)). The authors investigated CFT in individuals directly or indirectly exposed to the 2011 Oslo bombing and argued that downward CFT (e.g. 'It could have been me who was killed ... ') may be particularly salient and easily accessible after mass trauma since the adverse outcome actually happened to others. Predominance and accessibility of CFT direction may differ by trauma type (e.g. interpersonal vs. interpersonal, individual vs. collective trauma, etc.), exposure type (e.g. direct exposure vs. indirect exposure/observer) and so forth with too few publications to warrant meta-analytic review. Moreover, the utility and validity of focusing on the first mentioned CFT remains to be evaluated. It is unclear whether the first mentioned CFT is, in fact, the most important and/or the most frequent one particularly in the light of potential implicit cognitive avoidance strategies as well as social desirability in a research context.

### 3.3.3.. Vividness of CFT {#S0004-S2003-S3003}

A slim evidence base exists indicating that CFT vividness and PTSD symptomatology seem to be positively related (Blix et al., [2016](#CIT0060), [2018](#CIT0061)).

3.4.. Strengths {#S0004-S2004}
---------------

This is the first systematic review on the relationship between PTSD symptomatology and social, temporal and counterfactual comparative thinking. PTSD is a common mental disorder causing chronic severe functional impairment if left untreated. A more sophisticated understanding of the cognitive mechanisms involved in the aetiology and maintenance of PTSD may ultimately help improving clinical intervention.

3.5.. Limitations {#S0004-S2005}
-----------------

### 3.5.1.. Validity of measures {#S0004-S2005-S3001}

Most publications included in this article used self-reports to assess comparative thinking. Wood ([1996](#CIT0056)) highlighted potential flaws of self-report measures. Self-reports rest on the assumption that respondents are fully aware of their cognitions and willing to report these. Many comparative processes, however, may function on an unconscious or subconscious level and social desirability may further undermine the validity of responses. Furthermore, most self-reports assess retrospectively and are, therefore, prone to memory biases. Hence, future research should include additional methodological approaches to assess comparative thinking such as implicit measures and ecological momentary assessments to improve internal and external validity of measures. Moreover, we would like to encourage the development of more valid trauma-tailored comparison measures that take both direction (i.e. upward vs. downward) and evaluation (i.e. contrast vs. assimilation) into account. Many of the chosen measures do not tease apart direction and/or evaluation potentially leading to Simpson's paradox (i.e. missing significant associations due to too much lumping).

### 3.5.2.. Search strategy {#S0004-S2005-S3002}

We only searched for two databases. We cannot exclude the possibility that we have missed relevant empirical work. However, by screening reference lists of all eligible studies as well as related systematic reviews (i.e. Byrne, [2016](#CIT0010); Epstude & Roese, [2008](#CIT0020); Kahneman & Miller, [1986](#CIT0029); Kangas et al., [2002](#CIT0030); Markman & McMullen, [2003](#CIT0035); Mussweiler, [2003](#CIT0038); Roese et al., [2017](#CIT0043); Taylor & Lobel, [1989](#CIT0051)) and meta-analyses (i.e. Broomhall et al., [2017](#CIT0007); Gerber et al., [2018](#CIT0022)) we tried to maximize our outreach.

### 3.5.3.. General validity of results {#S0004-S2005-S3003}

The meta-analytic results may be biased due to publication bias and moderate study quality. The results from the systematic review are to be scrutinized with due caution since the available evidence base is too thin and methodologically not sound enough to draw firm conclusions. Our choice of quality criteria should be critically scrutinized. We gave studies higher quality scores if the diagnosis of PTSD was clinician-rated, symptom severity was measured with a validated measure and the vast majority of participants (i.e. \>80%) fulfilled diagnostic criteria. This choice was based on the clinical focus of the research question, i.e. the relation between PTSD symptomatology and comparative thinking. Furthermore, we gave studies a higher quality score if the comparison measure has been validated and when the utilized comparison measure took direction (i.e. upward vs. downward) into account. The latter was based on research findings indicating that different directions of comparisons may yield different association with symptomatology (e.g. Broomhall et al., [2017](#CIT0007)). Accordingly, our quality criteria are specifically tailored towards the current research question and might need to be adjusted for future use.

3.6.. Empirical implications {#S0004-S2006}
----------------------------

More research on the relationship between PTSD and comparative thinking is needed in clinical samples to draw more specific conclusions. Since the vast majority of empirical work in this line of research has been conducted cross-sectionally, it remains speculative which exact role comparative thinking may play in the aetiology and/or maintenance of PTSD. We encourage longitudinal and experimental studies and the use of validated implicit as well as explicit measures of comparative thinking to get a more sophisticated understanding of the interrelation and dynamics between PTSD and comparative thinking. While the studies on CFT that we included in our meta-analysis measured frequency of CFT, some of the studies on social comparison and temporal comparison discussed in our narrative review measured self-evaluation rather than frequency. Frequency and self-evaluation can be related but should not be confused with one another. Our results suggest that both might be relevant in the aftermaths of trauma and should therefore be addressed separately in future research.

Moreover, we would like to encourage more research that targets trauma-tailored counterfactual comparative thinking with a reference to a present attribute. All of the included studies on CFT focused on counterfactuals with a reference to the past only. An example for such a focus would be the counterfactual of an individual who has been assaulted: 'If only I had screamed, somebody would have helped me'. However, this individual might further think that if only she had screamed and somebody had helped her, she would now be a healthier or braver person then she really is. In this instance, this person is conducting a counterfactual comparison of her current well-being with the well-being she might have had if she had screamed. Accordingly, future research on self-perception should also examine the extent to which traumatized individuals compare their current self-perceptions with counterfactual ones.

3.7.. Clinical implications {#S0004-S2007}
---------------------------

If empirical research accumulates and corroborates the apparent link between PTSD symptomatology and distortions in social, temporal and counterfactual comparative thinking, clinical implications may follow. The slim available evidence indicates that comparative thinking might indeed be a fruitful avenue in this regard.

4.. Conclusion {#S0005}
==============

Both the systematic review and the meta-analysis provide preliminary evidence that PTSD symptomatology is associated with distortions in social and temporal comparative thinking as well as frequent and vivid counterfactual comparative thinking. However, most of the included research was conducted in sub-clinical samples and is of cross-sectional nature precluding conclusions concerning causality. More clinical longitudinal research utilizing validated comparison measures (i.e. trauma-tailored, implicit as well as explicit, differentiating direction as well as evaluation of comparison) is needed to acquire a more sophisticated understanding of the role of social, temporal and counterfactual comparative thinking in the aetiology and maintenance of PTSD. This may ultimately inform treatment approaches for PTSD.
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[^1]: References can be found in the Appendix. NA = not applicable/not reported, PTSD = posttraumatic stress disorder; PTSD measures: MCMI--III = Millon Clinical Multiaxial Inventory-III, IES/IES-R = Impact of Event Scale (-Revised), PCL −5 = PTSD Checklist for DSM-5, PSS/PSS-SR = Posttraumatic Stress Disorder Symptom Scale (Self-Report), PDS = Posttraumatic Diagnostic Scale, SRIP = Self-Rating Inventory for PTSD, MMPI = Minnesota Multiphasic Personality Inventory (PTSD scale), CPSS = Child PTSD Symptom Scale, MS-CV = Mississippi Scale -- Civilian Version, PC-PTSD = Primary Care PTSD, CAPS = Clinician-Administered PTSD Scale, HTQ = Harvard Trauma Questionnaire, SCID = Structured Clinical Interview for DSM; Measures of comparison/comparison-related construct: CTNES = Counterfactual Thinking for Negative Events Scale, RTSQ = Ruminative Thought Style Questionnaire, CSQ = Coping Strategies Questionnaire, WCQ = Ways of Coping Questionnaire, WOC-R = Ways of Coping Checklist-Revised, WCCL = Ways of Coping Checklist, WCS = Ways of Coping Scale, WOC-Abbr. = Ways of Coping Checklist -- Abbreviated, CPOTS = Cognitive Processing of Trauma Scale, SES = Self-Evaluation Scale, SCRS = Social Comparison Rating Scale, IAT = Implicit Association Test.

[^2]: \**p* \<.001.
